The amphidromous sleeper Eleotris oxycephala (Perciformes: Eleotridae) is mainly distributed along the Kuroshio Current in East Asia, and this current is thought to be the main driver of the species' dispersal. Due to anthropogenic environmental changes in rivers, E. oxycephala is ranked as a threatened or near-threatened species in the red lists of 12 prefectures in Japan. Moreover, there is concern that the species' dispersal pattern could be changed due to fluctuations in the Kuroshio Current caused by global warming. In this study, 40 microsatellite markers were developed for E. oxycephala, and their suitability was tested on 43 individuals from two populations of E. oxycephala from Kanagawa and Miyazaki Prefectures. The number of alleles, expected heterozygosity and fixation index at each locus were 2-10 (mean = 5.350), 0.034-0.860 (mean = 0.650) and − 0.261-0.448 (mean = 0.065), respectively. Furthermore, there was a lack of genetic difference between the two populations (F ST = 0.008, F' ST = 0.024), indicating widespread gene flow via the Kuroshio Current. These markers will be useful to evaluate the genetic structure and infer population demographic history of E. oxycephala populations, which may assist in the conservation of this species.
Amphidromous fish species, requiring freshwater and marine environments to complete their life history, have been adversely affected by recent environmental changes. Human alterations such as dam construction and stream modification (Ministry of Land, Infrastructure, Transport and Tourism, 2018 [http://www.mlit.go.jp/river/ dam/pdf/H30dam.pdf]) are the main causes of the continued decrease in suitable habitat for aquatic organisms including amphidromous fishes (Katano et al., 2006) . In addition to freshwater environmental changes, seawater temperature rise due to global warming is continuing (IPCC, 2013) , and could alter the distribution of various aquatic organisms including amphidromous fishes, for example, Eleotris fusca (Forster, 1801) and Ophieleotris sp. 1 of Akihito et al., 2013 (Yamakawa et al., 2018 . Furthermore, ocean current fluctuations are predicted to occur in the near future (Sakamoto et al., 2005; Chang et al., 2018) , potentially altering the dispersal patterns of aquatic organisms that disperse using ocean currents (e.g., Anguilla japonica Temminck and Schlegel, 1847; Chang et al., 2018) . This change in dispersal patterns could alter gene flow among populations, which is related to the maintenance of genetic diversity, and this in turn could disrupt reproductive patterns and local population adaptation. Indeed, patterns of gene flow and genetic diversity of many fishes, including amphidromous species, are influenced by dispersal via ocean currents (e.g., Watanabe et al., 2006; Shaddick et al., 2011; Kuriiwa et al., 2014). Moreover, since the impact of climate change on genetic diversity and structure of sea-dispersed mangrove plants has been highlighted (Wee et al., 2019) , this could also be expected in amphidromous fishes that use ocean currents.
The sleeper E. oxycephala Temminck and Schlegel, 1845 (Perciformes: Eleotridae) is an amphidromous fish (Xia et al., 2015) that lays eggs in the downstream sections of rivers. The larvae then flow down to the sea and, after drifting on ocean currents, juveniles swim upstream and mature in rivers (Suguro and Senou, 2006) . This species is mainly distributed along the Kuroshio Current in East Asia, including southern Japan, Korea, Taiwan, southeastern China and Vietnam (Oshima, 1919; Akihito, 1967; Kottelat, 2001; Kim et al., 2014; Meng et al., 2016) , and larvae are thought to disperse and be strongly affected by the Kuroshio Current (Yamakawa and Senou, 2015; Mashiko, 2016) . The habitat of E. oxycephala has deteriorated due to human alterations such as dam construction, shore protection and water pollution in rivers (Suguro and Senou, 2006; Mashiko, 2016) . Thus, this species is ranked as threatened or near-threatened in the red lists of 12 prefectures in Japan (e.g., 'Endangered' in the Red List of Kanagawa Prefecture (Suguro and Senou, 2006) ). In addition, the Kuroshio Current is predicted to undergo increases in flow speed and frequency of great meandering due to global warming (Sakamoto et al., 2005) , and there is concern about the effects this will have on the dispersal patterns and associated genetic diversity of E. oxycephala populations. To support the conservation of E. oxycephala, it is important to examine population genetic diversity and structure, as well as population demographic history in relation to the Kuroshio Current. For these examinations, we developed, for the first time, 40 microsatellite markers for E. oxycephala and tested their suitability using 43 individuals from two populations of the species.
We collected fresh caudal fin and muscle tissue samples from three individuals of E. oxycephala collected in the Sagami River in Kanagawa Prefecture. Genomic DNA was extracted from these samples using the DNeasy Blood & Tissue Kit (Qiagen, Valencia, CA, USA). A DNA fragment library was constructed using the Ion Xpress Plus Fragment Library Kit (Thermo Fisher Scientific, Waltham, MA, USA), amplified using the Ion PGM Template OT2 400 Kit (Thermo Fisher Scientific), and subsequently sequenced using the Ion PGM Sequencing 400 Kit (Thermo Fisher Scientific) and an Ion 318 Chip v2 (Thermo Fisher Scientific) with the next-generation sequencer Ion PGM (Thermo Fisher Scientific). The total number of reads obtained was 676,672. To identify microsatellite regions that contain more than seven di-, trior tetranucleotide repeats, we screened the reads using QDD (Meglécz et al., 2010 (Meglécz et al., , 2014 on the Galaxy (Afgan et al., 2018) virtual machine and Primer3 version 4.0.0 with default settings (Rozen and Skaletsky, 2000) . A total of 127 primer pairs were designed.
Preliminary amplification tests for all 127 primer pairs were conducted using eight individuals from the following four populations of E. oxycephala in Japan: Sagami River in Kanagawa Prefecture, Shirutani River in the Miya River system in Mie Prefecture, Kuma River in the Kokubu River system in Kochi Prefecture, and Sarugase River in the Hitotsuse River system in Miyazaki Prefecture. PCR amplification with fluorescently labeled primers (Table 1 ) was performed following the method of Blacket et al. (2012) using the Qiagen Multiplex PCR Kit (Qiagen). Each reaction contained 10 ng of extracted DNA, 2.5 μl of Multiplex PCR Master Mix, 0.01 μM fluorescently labeled forward primer, and 0.2 μM fluorescently labeled universal primer and reverse primer in a final volume of 5.0 μl. The amplification process consisted of an initial denaturation at 95 °C for 15 min; 31 cycles of denaturation at 94 °C for 30 s, annealing at 57 °C for 90 s and extension at 72 °C for 1 min; and a final extension at 60 °C for 30 min. Fragment sizes were determined using an ABI PRISM 3130 Genetic Analyzer and Gene Mapper software (Applied Biosystems, Foster City, CA, USA) with GeneScan 600 LIZ dye Size Standard v2.0 (Applied Biosystems). Seven sets of multiplex PCR primer pairs (two to eight primer pairs per multiplex panel A-G) were designed for 40 selected loci (described below) ( Table 1) . The genetic variation of the 40 selected loci (see below) was evaluated using 43 individuals from two populations of E. oxycephala in Japan: 29 individuals collected in Sagami River (35°21′-35°22′ N/139°22′ E) in Kanagawa Prefecture and 14 individuals collected in Sarugase River in the Hitotsuse River system (32°03′ N/131°27′ E) in Miyazaki Prefecture. For each population, the number of alleles (A), expected heterozygosity (H E ) and fixation index (F IS ) were calculated at each locus using FSTAT version 2.9.3 (Goudet, 1995) . Deviations from Hardy-Weinberg equilibrium, as evidenced by F IS deviations from zero, and genotype disequilibrium among the 40 loci based on 1,000 randomizations were tested using FSTAT version 2.9.3. In addition, genetic differentiation between the two populations was evaluated by calculating F ST (Weir and Cockerham, 1984) and its standardized value, F' ST , which always ranges from 0 to 1 (Meirmans and Hedrick, 2011) , using GenAlEx version 6.5 (Peakall and Smouse, 2012) . The significance of the F ST value was tested by 999 permutations using GenAlEx.
Of the 127 primer pairs in the preliminary test, 40 yielded clear peak patterns based on eight individuals. All 40 of these primer pairs were then successfully amplified in all 43 individuals from two populations of E. oxycephala (Table 1 ). The range of A was 2-10 (mean = 5.350), indicating that all loci were polymorphic in both populations ( Table 2 ). The ranges of H E and F IS per locus were 0.034-0.860 (mean = 0.650) and − 0.261-0.448 (mean = 0.065), respectively (Table 2 ). Significant deviation of F IS values from zero was observed for only one locus, Eoxy192, in the Sagami River population (P < 0.05 after Bonferroni correction, Table 2 ), probably due to a high frequency of null alleles. Significant genotype disequilibrium among the loci was not observed (P > 0.05 after Bonferroni correction). Although significant (P < 0.05), F ST and F' ST values between the two populations were 0.008 and 0.024, respectively, suggesting very low genetic differentiation even though the geographic distance between the two populations was more than 800 km. This indicated that E. oxycephala experiences widespread gene flow due to long-distance dispersal via the Kuroshio Current.
Overall, we developed 40 polymorphic microsatellite markers that will be useful for conservation genetics studies of E. oxycephala, including evaluation of genetic diversity and structure together with population demographic inference.
